
Distillation 

Light oil product (LOP) was separated by distillation (ASTM D216-54) to light 
ends boiling below 2OO0C and a fraction boiling above 200°C. The heavy oil product 
(HOP) did not contain any light ends boiling below 200OC. The distillation residue 
Of the HOP boiling above 524OC under atmospheric pressure is defined as pitch. 

Deasphalting 

The asphaltene portion of the heavy oil (HOP) was precipitated by the addition 
Of twenty volumes of pentane to one volume of oil. The asphaltenes were separated 
by filtration, extracted with pentane in a Soxhlet Extractor and dried first on a 
water bath and then under reduced pressure at 5OoC. The main pentane solubles and 
washings were combined and n-pentane was completely evaporated from these maltenes. 

Compound-Type Separation 

The light ends distilling below 2OOOC were analysed for saturate, aromatic and 
olefinic contents on silica gel using the fluorescent indicator adsorption method 
(ASTM D1319-70), and the following fractions were collected: 

(i) saturated hydrocarbons 

(ii) mixture of saturated and olefinic hydrocarbons 

(iii) olefinic hydrocarbons 

(iv) mixture of olefinic and aromatic hydrocarbons 

(v) aromatic hydrocarbons 

(vi) mixture of aromatic hydrocarbons and polar compounds 

The light oil product (UP) boiling above 200'C and the deasphalted heavy oil 
product (maltenes of HOP) were separated into compound-type concentrates of saturates, 
monoaromatics, diaromatics, polyaromatics and basic compounds in a dual-packed (silica 
gel and alumina gel) liquid-solid chromatographic column developed by the API  project 
60 (41 ,  and modified in this laboratory (5), Figure 1. 

The number of moles of the various types of structures were determined using 
average molecular weights that were obtained by vapour-pressure osmometry for the 
light and heavy oil fractions. The average molecular weights of the light oil frac- 
tion below 200°C were determined from gas chromatographic simulated distillation 
data, assuming that the material distilling when half of the sample had distilled 
represented the average molecular weight. The aromatics in the light ends distilling 
below 200°C were assumed to be mononuclear aromatics. 

The number of sulphur-bearing structures in each fraction was determined assuming 
that there was one sulphur atom per molecule; the number of sulphur-free structures 
was then obtained by difference. Sulphur contents of compound-types were determined 
by the microbomb method 16). 

Characterization of the Hydrocracked Products 

1. Capillary Gas Chromatography 

The various fractions collected from the FIA separations were subjected 
to capillary gas chromatography on a 100 ft OV-101 column, and the 
column effluent was characterized by mass spectrometry (CEC-21-1041. 
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, 
2 .  Gas-liquid Chromatography (Packed Columns) 

The main f r ac t ions  of the  hydrocarbon types co l lec ted  from the l iquid- 
so l id  chromatographic separa t ion  (LOP above 200°C and deasphalted HOP) 
were chromatographed on an OV-1 packed column using both flame ioniza- 
t i on  and coulometric sulphur de tec tors .  

Separation on Anion-Cation Exchange Resins 

The heavy o i l  product of a severely hydrocracked bitumen was subjected 
t o  chromatography on both anion and cation exchange r e s ins  i n  order t o  
concentrate the  nitrogeneous and polar  compounds according t o  a proce- 
dure similar t o  t h a t  developed by the  API p ro jec t  60 (71, but  modified 
t o  reduce t h e  time of ana lys i s  ( 8 ) .  The r e s u l t s  were compared with 
r e s u l t s  obtained on applying t h i s  separation scheme to  the  bitumen 
feedstock. 

3. 

4. Infra-red Spectrometrx 

Some comparisons w e r e  made of the I R  spec t ra  on a Beckman IR-12.  Meth- 
ylene ch lor ide  so lu t ions  of t he  samples were scanned for the  carbazole 
and carboxylic ac id  bands. 

5. High Resolution Mass Spectrometry 

The diaromatics of t he  hydrocracking product (445OC, LHSV 1) were 
studied by high reso lu t ion  mass spectrometer (Model MS-9) fo r  i d e n t i f i -  
ca t ion  of ind iv idua l  components. 

RESULTS AND DISCUSSION 

Gross Composition 

I n  thermal hydrocracking of A t h a b a s c a  bitumen the  l i g h t e r  mater ia l s  a r e  formed 
a t  the expense of t he  heavier ones as  shown i n  Table 1. The p i t c h  f r ac t ion  is de- 
f ined  a s  t h a t  f r ac t ion  bo i l ing  above 523.9T as  determined i n  a Podbielniak f lash  
equilibrium s t i l l  ( 2 ) .  
of p i t ch  converted to  products d i s t i l l i n g  below 523.9'C. 

Compound-Type Changes 

The ex ten t  of conversion is  determined by the  percentage 

I n  Table 2 the  changes t h a t  occur i n  the  chemical type d i s t r ibu t ion  on a weight 
basis are shown. The sa tura ted  hydrocarbons (including t h e  o l e f in s )  increased a t  
t he  expense of the  o ther  c l a s ses  o f  compounds, pa r t i cu la r ly  the  polynuclear aromatic 
and polar compounds and most of t h i s  increase  (46%) took place a t  the  l e a s t  severe 
treatment (435OC) studied. The bas i c  compounds decreased t o  l e s s  than ha l f  the 
amount i n  the  feed during the  mildest treatment bu t ,  s ince  t h i s  c l a s s  cons t i tu tes  
such a small prportion of the total  bitumen, it does not make a subs t an t i a l  contri-  
bution t o  o ther  compound types  on degradation. 
a f fec ted  by the treatments a t  435OC. 
somewhat, while the dinuclear aromatic compounds decreased s l igh t ly .  

The asphaltenes were not appreciably 
The mononuclear aromatic compounds increased 

Under the  more severe conditions,  t he  production of sa tura ted  hydrocarbons 
appears to acce lera te  as a function of t he  percentage of p i t ch  conversion as shown 
i n  Figure 1. 
thermal treatments. The polynuclear aromatic and polar  compounds continue t o  decrease 
on a weight bas i s  w i t i l  increasing seve r i ty  of treatment, while the dinuclear aromatics 
undergo a small decrease and the mononuclear aromatic compounds increase s l i gh t ly .  

The asphaltenes diminish markedly when subjected to  the more severe 
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On a molar b a s i s  the  s i t u a t i o n  i s  d i f f e r e n t ,  as shown i n  Table 3, The number 
Of moles Per 100 gm of products of a l l  aromatic hydrocarbons increases  as a func- 
t i o n  Of sever i ty  of hydrocracking, 
lower molecular weight aromatic hydrocarbons from the higher molecular weight com- 
plex mater ia ls .  The other  p o s s i b i l i t y  is t h a t  they could have been formed during 
arOI@dtiZatiOn react ions i n  which some s t ruc tures ,  such a s  asphaltenes or l a rge  
PlYnUClear aromatic c l u s t e r s ,  become hydrogenated by hydrogen t ransfer .  

Some of t h i s  increase is due t o  cleavage of 

The number of moles of both dinuclear and polynuclear aromatic hydrocarbons 
increase subs tan t ia l ly  during the less severe treatments, and during the most sev- 
e r e  treatment the increase is  not a s  s u b s t a n t i a l  a s  i n  the  lower conversion ra tes .  
The moles Of mononuclear aromatic hydrocarbons increase s t e a d i l y  with the increase 
i n  sever i ty  of conditions. 

when the changes i n  the number of moles of the var ious types a r e  p lo t ted  against  
the percentage p i tch  conversion, the p l o t s  as shown i n  Figure 2 a r e  obtained. 
i n t e r e s t i n g  fea ture  of t h i s  f igure  i s  t h a t  t h e - l a r g e s t  increases  i n  the number of 
nudes Of mononuclear aromatic hydrocarbons, and a l s o  i n  t h e  weight of saturated 
hydrocarbons, occur during the  most rapid decl ine of the asphaltenes. 

The 

Asphaltenes a re  considered t o  cons is t  mainly of l a r g e  subs t i tu ted  aromatic 
s t ruc tures  ( 8 )  and to  contain more heteratoms than other  bitumen f rac t ions .  There- 
f o r e  it would be expected t h a t  t h e i r  cleavage during cracking would increase the 
number of polynuclear aromatic and polar  s t ruc tures .  While there  i s  a steady molar 
increase i n  these compounds, there  i s  no apparent d i r e c t  re la t ionship  between t h e i r  
increase and the r a t e  of asphaltene degradation. 

The subs tan t ia l  increase i n  the  number of moles of mononuclear aromatic com- 
pounds tends t o  ind ica te  some re la t ionship  to  asphaltene destruct ion.  Since it is 
not  believed t h a t  the  asphaltenes contain many phenyl groups, a hydrogenation s t e p  
of the large aromatic s t ruc tures  i n  the asphaltenes before  undergoing cracking 
must be considered. 

Mononuclear aromatic hydrocarbons are possibly formed during hydrogen t rans-  
f e r  react ions i n  which asphal tenes  undergo some hydrogenation, while cycloalkanes 
are aromatized. 
I f  a d icyc l ic  alkane is a good donor, then more highly c y c l i c  alkanes should be 
even b e t t e r  donors. I f  o l e f i n i c  bonds a re  involved i n  the r ing  systems t h e i r  ten- 
dency f o r  aromatization is  increased (10).  It i s  known t h a t  the  Athabasca saturated 
hydrocarbons a re  highly c y c l i c  (11) and t h a t  the hydrocracked s a t u r a t e s  contain 
subs tan t ia l  o le f ins .  Thus mono-aromatization of the  sa tura ted  hydrocarbons ( inclu-  
ding o l e f i n s )  appears plausible .  

Cyclohexanes a r e  not  good hydrogen donors but  decal ins  a r e  ( 9 ) .  

The asphaltene aromatic c l u s t e r s  might a l s o  have undergone some hydrogenation 
during milder treatments i n  which cycloalkyl mononuclear ( t e t r a l i n s )  o r  other  
cycloalkyl aromatic compounds l o s t  hydrogen t h a t  led  t o  t h e  increase i n  d i -  and 
polynuclear aromatic moles. This would then suggest t h a t  the  number of moles of 
mononuclear aromatic hydrocarbons produced is grea te r  than indicated i n  Table 3. 

The FIA r e s u l t s  of the l i g h t  ends below 200T were as shown below: 

LHSV - 1, 4OOOC 
435 
445 
455 

LHSV - 2, c45 
460 

Saturates  Olef ins  Aromatics & Polar 

60.6 26.8 12.7 
59.2 29.3 11.5 
69.7 19.2 11.1 
69.6 18.9 11.5 

73.0 15.9 11.1 
75.3 13.8 10.8 
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It can be seen t h a t  t he  o l e f i n  conten t  of the  l i g h t  ends decreases with sev- 
erity of crqcking which mcyl be Caused. by *e aromat&zation reac t ions  discussed 
earlier. 

These l i g h t  ends were v i r t u a l l y  non-existent i n  the  bitumen feedstock and 
thus were t o t a l l y  the  products of hydrocracking. In Figure 3, the chromatogram 
of l i gh t  ends obtained under m i l d  conditions (4OO0C, LHSV-1, p i t ch  conversion 27.69) 
is shown. Most o f  t h e  main peaks (30% of the  LOP) are due t o  normal alkanes. 
This proportion of normal alkanes appeared t o  increase s l i g h t l y  with an increase 
in hydrocracking sever i ty .  

Figure 4 shows the  gas chromatogram of t h e  arcmatic compounds and the  numbered 
peaks represent the  following compounds. 

1. n-propyl benzene 

2. l -me thy l~ -e thy l  benzene 

3. 1,3,5-trimethyl benzene 

4. 1,2,4-trmethyl benzene 

6.  7 a tr imethyl thiophene 

7. a dimethyl-ethyl benzene 

8.  

9. 

mixture of a methyl- isopropyl benzene and 

a dimethyl-ethyl benzene and dimethylr-ethyl thiophene 

mixture of tetra-methyl benzene and tetramethyl thiophene 

10. dimethyl indane and tetramethyl benzene 

The chromatogram of t h e  p o l a r  materials is shown i n  Figure 5. These materials 
are composed mostly of thiophenes but  they a l s o  contain benzene and xylene isomers. 
The numbered peaks were i d e n t i f i e d  a s  follows: 

1. thiophene and benzene 

2. e thy l  thiophene 

3. tetrahydrothiophene 

4. p x y l e n e  

5. m-xylene 

6.  o-xylene 

7 .  2-n-propyl thiophene 

8. 2,3,4 - tr imethyl thiophene 

The amount of sulphur i n  the l i g h t  ends increases up t o  a l eve l  o f  approxi- 
mately 0.005 moles per  100 g of bitumen products and the rea f t e r  remains v i r t u a l l y  
constant with increas ing  hydrocracking seve r i ty ,  ind ica t ing  a steady state between 
the sulphur-containing molecules cleaved from the  high molecular weight components 
and those desulphurized t o  H2S. 

Dinuclear Aromatic Compounds 

This c l a s s  o f  compounds has been inves t iga ted  t o  a considerable extent.  
espec ia l ly  with high reso lu t ion  mass spectrometry. As f a r  as the  material  t h a t  
vaporized i n  the spectrometer w a s  concerned (average carbon numbers for t he  naph- 
thalenes were about '-7.5 i n  the feed and about 16 i n  the  severely cracked products). 
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there was little difference between the naphthalenes in the feed and products 
according to the mass spectra analyses. 
both alkyl and cycloalkyl groups with the latter predominating. 

These naphthalenes were substituted by 

However, according to the gas chromatograms (FID), there are considerable 
differences between the dinuclear aromatic compounds in the feedstock and the 
hydrocracked products. As the products become more severely hydrocracked the 
molecular weight and the number of isomers decrease. 
6-10. The compounds in the main diaromatic fraction of the feedstock are un- 
resolvable by gas chromatography. In the severely hydrocracked products even the 
heavy oil, the main diaromatic fraction, is resolvable. 

This is shown in Figures 

In the feedstock, alkyl and cyclo-alkyl benzothiophenes represent the sulphur 
compounds eluting from the liquid chromatographic column before and during the 
main diaromatic fraction elution. Alkyl and cyclo-alkyl dibenzothiophenes were 
predominant in the eluting tail of the diaromatic fraction. In the severely 
hydrocracked diaromatic fractions, the benzothiophenes were predominant in all 
fractions and small amounts of dibenzothiophenes were found only in the tail 
fractions. The sulphur compounds decrease in molecular weight and become more 
resolvable by gas chromatography with increasing hydrocracking as shown by the 
chromatograms in Figures 11-15. 

Another aspect of the diaromatic compounds is the appearance of dibenzofurans 
in the tail fractions of the severely hydrocracked materials. 
found in the feedstock and thus appear to be formed during hydrocracking. 

These were not 

As far as the polynuclear and polar fractions are concerned, they also become 
more resolvable on gas chromatography with increasing hydrocracking severity. 

Other Changes During Hydrocracking 

1. Decarboxylation 

In Figure 16 we see the infra-red spectra in region 1650-1750 cm-l of two 
The fractions consisted of 2.7% and acid fractions isolated from the'bitumen. 

0.8% of the bitumen. 
acids and the latter to aromatic acids. In tiie hydrocracked material these acid 
fractions were virtually absent, as shown in Table 4, indicating complete decar- 
boxylation. 

The infra-red spectra of the former is similar to alkyl 

2. ' Carbazole Formation 

Comparisons are made in Figure 17 of the IR spectra of various fractions 
obtained by chromatography on ion exchange resins of the feed, and of a severely 
hydrocracked heavy oil. The re ults of the chromatography are shown in Table 4. 
The absorption band at 3460 cm-' is considered to be due to carbazole (7). 
can be seen that there is considerable increase in carbazoles during hydrocracking. 

Sulphur Compounds in the Polynuclear and Polar Compound Classes 

It 

The amounts of sulphur compounds on a molar basis are shown in Table 5, in 
which it is assumed as a first approximation that each mole contains one sulphur 
atom. The fact that about two-thirds of the sulphur was lost in these fractions 
on hydrocracking indicates that a large portion of this class contains sulphur 
that is less thermally stable (possibly sulphides). Remaining sulphur compounds 
are considered to be mostly thiophenic. 
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TABLE 1 

GROSS COMPOSITION OF ATHABASCA BITUMEN AND 
PRODUCTS OF HYDROCRACKING 

( w t  % of total bitumen) 

PITCH LIGHT OIL PRODUCT (KIP) HEAVY OIL PRODUCT (HOP) 
SAMPLE CONVERSION* Below 20OoC Above 200°C MALTENES ASPHALTENES 

FEED 1.4 (83.3% maltenes above 15.3 

LHSV-2, 435oc 59.1 3.9 7.0 10.2 65.5 13.4 
LHSV-2, 445oc 68.9 4.0 11.5 10.2 62.0 12.3 
LHSV-2, 455°C 77.4 5.9 13.1 10.8 59.7 10.5 
LHSV-1, 445oc 80.0 6.8 13.5 25.7 47.0 7.0 
LHSV-1, 46O0C 91.4 9.2 18.5 34.0 35.6 2.7 

(*) Reference 1 

200OC) 

TABLE 2 

COMPOUND TYPE DISTRIBUTION (% BY WT) 

MONONUCLEAR 
SAMPLE SATURATES AROMATICS 

FEED 21.0 7.8 
LHSV-2, 435oc 33.4 9.3 
LHSV-2, 445OC 36.1 10.1 
LHSV-2, 455OC 38.9 10.5 
LHSV-1, 445°C 42.5 10.5 
LHSV-1, 460'C 47.8 11.5 

DINUCLEAR 
AROMATICS 

11.0 
10.5 
10.7 
11.0 
10.1 
9.7 

POLYNUCLEAR 
AROMAT ICs 

20.1 
14.2 
12.9 
11.7 
11.1 
9.1 

POLAR 
COMPOUNDS 

19.0 
12.8 
11.6 
9.8 
10.5 
8.8 

BASIC 
COMPOUNDS ASPHALTENES 

5.7 15.3 
2.3 13.4 
2.1 12.3 
1.6 10.5 
1.2 7.0 
0.9 2.1 

TABLE 3 

COMPOUND TYPE DISTRIBUTION 
WITHOUT SULFUR COMPOUNDS (MOLES/100 g )  

MONONUCLEAR 
SAMPLE AROMATICS 

FEED 0.017 
LHSV-2, 435°C 0.026 
LHSV-2, 445OC 0.030 
LHSV-2, 455OC 0.036 
LHSV-1, 445OC 0.039 
LHSV-1, 46OoC 0.046 

DINUCLEAR 
AROMATICS 

0.012 
0.021 
0.023 
0.028 
0.027 
0.030 

POLYNUCLEAR 
AROMATICS POLAR COMPOUNDS 

0.004 - 
0.011 0.005 
0.014 0.00 
0.015 0.010 
0.021 0.014 
0.020 0.016 
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TABLE 4 

SEPARATION OF NITROGENEOUS COMPO.NENTS 
ON ANION-CATION EXCHANGE RESINS 

ELUENT 
DEASPHALTED FEED 

(MALTENES ) 

w t  % Eluate 8 N 

DEASPHALTED HOP 
(MALTENES) 

w t  % Eluate 8 N 

n-Pentane 
Cyclohexane 
Anion Exchange Resin A-29 
Benzene 
Benzene-Methanol 
Benzene-Methanol-CO 
Benzene-Acetic Acid 2 

Cation Exchange Resin A-15 
Benzene 
Benzene-Methanol 
Benzene-Methanol-Isopropylamine 

73.0 0.02 
5.4 0.46 

7.8 1.26 
2.4 1.28 
2.7 0.34 
0.8 2.95 

4.5 0.64 
1.8 0.92 
1.6 2.14 

82.7 0.02 
2.4 0.70 

7.2 5.29 
1.2 5.57 
0.2 
0.1 -- 
2.0 2.07 
0.4 
1.9 7.32 

-- 

-- 

TABLE 5 

SULPHUR CONTENT DISTRIBUTION 
 MOLES/^^^ 9) 

MONONUCLEAR DINUCLEAR POLYNUCLEAR 
SAMPLE AROMATICS AROMATICS AROMATICS POLAR COMPOUNDS 

FEED 0.005 0.016 0.043 0.040 
LHSV-2, 435oc 0.010 0.015 0.030 0.025 
LHSV-2, 445oc 0.011 0.015 0.026 0.022 
LHSV-2, 455oc 0.010 0.015 0.024 0.018 
LHSV-1, 445oc 0.080 0.013 0.014 0.018 
LHSV-1, 46OoC 0.080 0.013 0.015 0.013 

147 



ACKNOWLEDGEMENT 

The authors are g ra t e fu l  t o  the  Process Engineering Section of t h e  CANMET 
Energy Research Laboratories f o r  t he  provision of samples and processing data,  
and t o  Gulf Canada Research Laboratories,  Sheridan Park, f o r  high-resolution mass 
spec t ra l  data. 

REFERENCES 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8 .  

9. 

10. 

11. 

George, A.E., Banerjee, R.C., Smiley, G.T. and Sawatzky, H. Am. Chem. Soc. 
Fuel Prepr in ts  z, no. 6, p 174; 1976. 

Merrill, W.H., Logie, R.B. and Denis, J . M .  P i l o t  sca le  inves t iga t ion  of ther- 
mal hydrocracking of Athabasca bitumen; Mines Branch Report R-281; 1973. 

Pruden, B.B. and Denis, J . M .  Heat of reac t ion  and vaporization of feed and 
product i n  t he  thermal hydrocracking of Athabasca bitumen; CAhiMET Laboratory 
Report ERP/ERL 76-66 ( R ) ;  1976. 

Hirsch, D.E., Hopkins, R.L., Coleman, H.J. ,  Cotton, F.O. and Thompson, C.J., 
ACS Prepr in ts ,  Div. of Pe t ro l .  Chem., p A65; 1972. 

Sawatzky, H., George, A.E., Smiley, G.T. and Montgomery, D.S.; Fuel; v 55, 
p 16; 1976. 

S iegf r ied t ,  R.K., Wiberley, J.S. and Moore, R.W.; Analytical  Chemistry; v 23, 
no. 7, p 1008; 1951. 

Haines, W.E. Extension of t h e  U.S. BM-API scheme for t h e  charac te r iza t ion  of 
heavy o i l s ;  Erganzungsbend d e r  Zeitschuft  Erdol und Kohle Erdgas, Petrochemie, 
Compendium 75/76, 5.521-533 and references c i t ed  there in .  

Sawatzky, H., X h e d ,  S.M.,  Smiley, G.T. and George, A.E. Separation of nitro- 
geneous materials from bitumen and heavy o i l s  (pending publ ica t ion) .  

Yen, T.F.; Energy Sources; v 1, p 447; 1974. 

Carlson, C.S., Langer, A.W., Stewart, J. and H i l l ,  R.M.; I ndus t r i a l  and Engin- 
eering Chemistry; v 50, no. 7, p 1067; 1958. 

Doyle, G. Desulphurization v i a  hydrogen donor reac t ions ;  A.C.S. Pe t ro l .  Pre- 
p r in t s ,  21, no. 1, p 165; 1976. 

148 



oa 

9 

p 

149 



0.05 

0.04 

0.03 

0.02 

0.01 

io 

io 

30 

20 

10 

0 20 40 60 80 100 

2 PITm CONVERSION 

The Effect of Hydrocracking on Saturate, Monoaromatic 
a d  Asphaltene Contents in Athabasca Bitumen 

FIGURE 2 

150 



8.0. ."" CD..l..D., -...-... =..I L.... SD,".. 

c.... ,.-- " .--. ..a. .. O.oc..C... .,Y..T. .I."- ..- .,." CO".l..m.. 

.a. ...on = r... - =-".I 

FIGURE 3 

FIGURE 4 

FIGURE 5 

151 



FIGURE 6 

DIAROMATICS OF ATBABASCA FEEDSTOCK 
Light Oil Product (above 20OoC) 
OV-1 on Chromosorb W. a.v.. 60-80 m 

DIAROMATICS OF HYDROCRACKED ATBABASCd 

Light Oil Product (above 20OoC) 
OV-lon Chromosorb W. a.v., 60-80 m 

<43soc, LHSV-2) 
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FIGURE 8 

DZAROMATICS OF HYDROCRACKED ATHABASCA 

Light O F 1  Product (above 20OoC) 
OV-1 on Chromosorb W, a-w. .  60-80 m 

(460'C. L.HSV-1) 

FIGURE 9 

DIAROMATICS OF EYDROCRACKED ATHABASCA 

Heavy OF1 Product (deasphalted) 
OV-1 on Chromosorb W, a.w., 60-80 m 

(435OC. msv-2) 
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PIGURE 10 

DIAROMATICS OF HYDROCRACKED ATEABASCA 

Eeavy Oil Product (deasphalted) 
(k6OoC. LHSV-1) \ OV-1 on Chromosorb W, a.w., 60-80 m 

FIGURE 11 

DIAROMATIC SULPHUR OF ATBABASCA FEEDSTOCK 
Light O i l  Product (above ZOO'C) 
W-1 on Chromosorb W, a.w., 60-80 m 
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FIGURE 12 

DUROMATIC SULPWR OF HYDROCRACKED 

Light Oil Product (above 20OoC) 
OV-1 on Chromosorb W, a.v., 60-80 m 

ATwEiAScA (435OC. LHSV-2) 

FIGURE 13 

DIAROMATIC SULPHUR OF HYDROCRACKED 
ATHABASCA (46OOC. LHSV-1) 

Light Oil Product (above 20OoC) 
OV-1 on Chromosorb W. a.w.. 60-80 m 
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FIGURE 14 

DIAROHATIC SULPHUR OF HYDROCRACKED 
ATBABASCA (435OC. L E V - 2 )  

Eeavy O F 1  Product  (deasphalted)  
OV-1 on Chromosorb W, a.w., 60-80 m 
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0 Y I Y 2 0  22 24 
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FIGURE 15 

DIAROMATIC SULPHUR OF HYDROCRACKED 
ATHABASCA (46OoC, LHSV-1) 
Heavy Oil Product (deasphalted)  
OV-1 on Chromosorb W, a.w.,  60-80 m 
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FIGURE 16 

FIGURE 17 
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